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Introduction
Since the introduction of the single currency in 1999, the interest rate pass-through in the euro area has received much attention amongst central bankers and academics. If banks pass-through changes in market rates to their lending and deposit rates in a sluggish and/or incomplete way, and if passthrough patterns differ across countries and interest rate categories, then the monetary transmission mechanism in the monetary union will likely be sub-optimal. In effect, it has been noted that the pass-through from market to bank retail rates has continued to be heterogeneous both across countries and interest rate categories (e.g. Sander and Kleimeier 2004 , Kleimeier and Sander 2006 , Sorensen et al. 2006 . Some authors have, however, concluded that the interest rate pass-through has become more efficient since the introduction of the euro and that increasing competition as a result of the single market was likely to further increase the efficiency and homogeneity of interest rate tranmission (e.g. Sander and Kleimeier 2004 , de Bondt 2005 , van Leuvensteijn et al. 2008 .
In this paper, we contribute to the literature by applying different estimation techniques to a longer than previously available dataset. We analyse the bank interest rate pass-through in the euro area for the period 1999:1 -2009:11 following the 'cost-of-funds approach', i.e., relating market interest rates to bank retail rates of comparable maturities. We first estimate single-equation error correction models for seven interest rate categories and ten euro area countries and find that the interest rate pass-through displays substantial heterogeneity especially in the short run, but also in the long run. However, we often fail to establish a statistically significant cointegrating relationship.
We then estimate our pass-through equations in a panel framework, applying the pooled mean group estimator (PMGE) advanced by Pesaran et al. (1999) , allowing for country-specific interest rate pass-through in the short run, while constraining the long-run pass-through to be homogeneous across countries. We find significant evidence of substantial heterogeneity in the short-run passthrough. Finally, we conduct sub-sample analysis and conclude that, contrary to the hopes that were associated with the introduction of the single currency, important heterogeneities in the bank interest rate pass-through persist in the Euro area. In fact, our results indicate that the efficiency of the interest rate pass-through has somewhat declined in the second half of the existence of the European Monetary Union.
The paper proceeds as follows. In Section 2, we sketch the theory of the bank interest rate pass-through and review the existing empirical evidence for the euro area. Section 3 presents the empirical analysis, and Section 4 concludes.
2
2 The bank interest rate pass-through
Theory
The vast literature on interest rate pass-through starts from a simple mark-up pricing model following Rousseas (1985) :
where r b t is the lending rate charged by banks, r m t the marginal cost approximated by a market interest rate, α a constant mark-up and β is the pass-through parameter. Because interest rates are usually found to follow non-stationary I(1) processes, Equation (1) can be estimated in the form of an error correction model capturing both the long-run equilibrium between retail rates and market rates as well as the associated adjustment dynamics.
Two approaches can be found in the literature (see Kwapil and Scharler 2006 for a survey). The 'monetary policy approach' addresses the linkage between bank lending rates and the policy rate (or short-term market rate taken as a proxy). By contrast, the 'cost-of-funds approach' investigates the relationship between bank lending rates and market rates of comparable maturities, which are argued to be the accurate measure of banks' cost of funds (e.g. de Bondt 2005, Sorensen et al. 2006 , van Leuvensteijn et al. 2008 . In this paper, we will follow the cost-of-funds approach 1 .
Empirical evidence for the euro area
Several studies have investigated the interest rate pass-through in the euro area. The focus is on three main issues: the completeness (or lack thereof) of the long-run pass-through; the short-run speed of adjustment; and the degree of heterogeneity in the pass-through across countries and interest rate categories. An important issue is whether the pass-through has become more complete, faster and more homogeneous since the introduction of the euro and the liberalisation and integration of the European banking system.
de Bondt (2005) estimates the pass-through from the policy rate to market rates and from longerterm market rates to bank rates for different bank rates in the euro area aggregate, using both vector error correction (VEC) models and single equation error correction models. Based on the latter, the author finds that the long-run pass-through from market rates to bank rates of comparable maturities ranges from 0.35 to 0.98 for deposits, and from 0.92 to 1.53 for loans for the time period 1996:1- They find a sluggish and heterogeneous speed of adjustment, with the error correction coefficient ranging from 0.08 to 0.30 for the different categories and countries. For the sub-period 1999:1-2002:12 they find a somewhat faster speed of adjustment, while the long-term pass-through has generally not increased, and even decreased in some cases. Sander and Kleimeier (2004) apply non-linear pass-through models to monetary policy shocks as well as cost-of-funds changes. They estimate pass-through equations for the period 1993:1-2002:10 and, after endogeneously determining structural breaks, find that monetary policy transmission has become faster, that heterogeneity across the euro zone has decreased in some banking markets, and that more competition improves the pass-through predominantly in deposit markets.
Yet, as a general result, the long-run pass-through still falls short of unity for both the 'monetary policy approach' and the 'cost of funds approach'. Also, the authors conclude that national characteristics remain important pass-through determinants. Kleimeier and Sander (2006) estimate the pass-through from unexpected and expected future changes in policy rates to retail rates for seven interest rate categories in ten euro area countries for the period 1999:1-2003:5. The long-run multiplier of a simultaneous change in unexpected and expected policy rate changes is highly heterogeneous across countries and interest rates, and almost always below 1. Equilibrium adjustment is also found to be heterogeneous as well as asymmetric in some cases.
Marotta (2009) tests for the interest rate spread. Interestingly, however, sub-sample analysis reveals an almost complete long-run pass-through in nearly all countries for the time period before and during the first years of the EMU, but a much lower pass-through of around 0.7 on average for a later subperiod. At the same time, however, the speed of adjustment has increased in most countries. Yet, the degree of heterogeneity across countries has not decreased to a significant extent. (2006), also using the MFI statistics, also concludes that the pass-through is higher in countries with stronger competition in the banking sector.
As an overall pattern, it emerges that the pass-through from market to bank retail rates is generally incomplete and equilibrium adjustment is more or less sluggish. The pass-through is typically higher and faster for loans than for deposits. Somewhat surprisingly, the size of the pass-through seems to have decreased for some rates in some countries, while the speed of adjustment has tended to increase, at least for some interest rates in some countries. In spite of these ambiguous findings, the existing evidence is often interpreted as suggesting a higher efficiency in the monetary transmission in the euro area countries, as the higher speed of adjustment is seen to overcompensate the lower (or constant) long-run pass-through (e.g. de Bondt 2005 , Marotta 2009 ). However, given the small number of observations available in the existing studies, the results of sub-sample analyses need to be treated with some caution. Another issue is that a comparison between countries based on non-harmonised national interest rate series can be misleading.
3 Empirical analysis
Estimation strategy
We estimate two different equations. Equation (2) is an error correction model: . The associated long-run pass-through coefficient is given by β = −θ/ρ and the speed of adjustment is given by the error correction coefficient ρ.
Secondly, we estimate the pass-through equation as a panel data model, applying the pooled mean group estimator (PMGE) advanced by Pesaran et al. (1999) :
where we use p = q = 2. The main advantage of the PMGE in our context is that while it constraints the long-run pass-through parameter to be homogeneous across countries i = 1, 2, ..., N, it allows for country-specific heterogeneity in the the error correction term and the short-run dynamics. In light of the existing literature on the interest rate pass-through, this is a reasonable compromise:
while individual country estimations often suffer from a degrees of freedom problem due to short sample periods (particularly in the case of sub-sample analyses), the use of average euro-area wide data is likely to hide important heterogeneity between different countries. Even though the assumption of homogeneous long-run pass-through may not always be justified, the PMGE approach has proven to be rather robust to outliers in the group-specific long-run coefficients, particularly when they display large standard errors and/or are not systematic across groups (see Pesaran et al. 1999, p. 629) .
Data
We use an updated version of a data set initially constructed by Sorensen et al. (2006) . Table 1 shows the estimation results for Equation (2). The null hypothesis of no long-run level relationship can be rejected in more than half of the cases by means of the PSS F-test. 4 The evidence in favour of cointegration is particularly strong for long-term business loans and consumer loans, while for current account deposits and saving deposits no long-run relationship can be established.
Estimation results
The pass-through is typically more complete and the speed of adjustment higher for loans than for deposits (with the exception of time deposits). For mortgages, short-term and long-term business loans and time deposits most long-run pass-through coefficients are close to 1, except for some outliers. However, size and significance of the short-run adjustment parameter varies considerably between countries. To take just the example of mortgages, it ranges from very low (between -0.01 and -0.04 for Germany, Spain, Finland, Portugal and the Netherlands) to much higher values (-0.25
for Ireland and -0.33 for Italy). In these cases, where heterogeneity is much more important in the short-run adjustment than in the long-run pass-through, pooled mean group estimation appears particularly interesting (see below). We also calculate an efficiency coefficient as the product of the speed of adjustment and the pass-through coefficient, following Sorensen et al. (2006) . We find considerable heterogeneity across products and countries. For instance, the efficiency coefficient ranges from -0.105 (France) to -0.317 (Italy) for mortgages and from -0.095 (Spain) to -0.294 (Ireland) for long-term business loans (considering only cases where a cointegrating relationship could be established). It cannot be concluded from our estimations that the interest rate passthrough is consistently more or less efficient in some countries than in others. For instance, while the pass-through to mortgage rates is found to be more efficient in Italy than in Germany (where the PSS F-test does not reject the null of no long-run relationship), the opposite is true for long-term business loans. Tables 2 and 3 show the estimation results for Equation (3). The full sample estimations essentially confirm the results from Table 1 . The PMGE produces realistic estimates for the long-run pass-through and the average speed of adjustment (see Table 2 ). The long-run pass-through is close to 1 for mortgages, long-term business loans and time deposits, around 0.8-0.9 for consumer loans and short-term business loans, and around 0.5 for current account and saving deposits. As expected, the PMGE does not seem to be strongly affected by the outliers from the single-equation estimations. 5 Again, the pass-through is generally more efficient for loans than for deposits. As can be seen from Table 3 , the speed of adjustment is strongly heterogeneous across countries and interest rate categories and essentially confirms the results from Table 1 .
We also estimate Equation (3) Tables 2 and 3 ). The first sub-period corresponds to the sample used by Sorensen et al. (2006). 6 Both periods include both substantial increases and decreases in market rates and hence the results should not be driven by asymmetric responses of bank rates to rising or falling market rates. Overall there is no evidence of a general increase in the efficiency of the interest rate pass-through in the euro area over time. On the contrary, neither the speed nor the completeness of the pass-through have shown a tendency to increase, but the average efficiency coefficient has decreased, in some cases considerably, for most interest rate categories (see Table 2 ). 7 Only in the cases of long-term business loans and time deposits has there been a marked increase in efficiency. 8 The heterogeneity in the speed of adjustment across countries has also not decreased over time, while country-specific adjustment parameters differ considerably for the two sub-periods (see Table 3 ). However, due to the short sub-sample periods and reliance on chain-linked data, these results should be treated with some caution. 
Concluding remarks
We have analysed the interest rate pass-through in the euro area, applying the cost-of-funds approach in both single equation error correction estimations and pooled mean group estimations to seven interest rate categories for ten countries. Using a data set comprising almost eleven full years of European Monetary Union, we find that the interest rate pass-through is still sluggish in the euro area, but nearly complete in the long run, at least for loans and time deposits. In addition, there is strong evidence of substantial heterogeneity both across countries and products. Furthermore, sub-sample analysis suggests no improvement regarding completeness, speed of adjustment as well as heterogeneity since the introduction of the euro. On the contrary, the overall efficiency of the patterns. We also found that the results are robust to different choices of lag order. 6 The results of that study are nearly identical to ours, except for consumption loans and current account deposits where we found a somewhat larger long-run pass-through. 7 In order to check whether this result was due to a weaker pass-through during the financial crisis starting in 2008, we ran a further set of regressions for the sub-sample 2004:7-2007:12. Hoewever, we found no systematic improvement in either speed or completeness of the pass-through.
8 However, the pass-through coefficient exceeding 1 for business loans in the second sub-sample is certainly not indicative of efficient monetary transmission but may rather point to adverse selection problems, see de Bondt et al. (2005) . 9 Notice that the estimates for the sub-periods cannot easily be compared with the results for the whole sample. In particular, the estimated speed of adjustment coefficient (and hence the efficiency coefficient) is typically higher for each of the sub-periods than for the whole period. 8 interest rate pass-through has somewhat decreased in the second half of the existence of the monetary union, although the results from our sub-sample analysis should be treated with some caution.
As longer sample periods for the harmonised interest rate data become available, further research should seek to reassess our results, which have important policy implications: the existence of heterogeneous pass-through from market to bank rates both across countries and products makes it difficult for the Central Bank to react to (symmetric) adverse demand shocks by means of the interest rate channel alone. Additional research should therefore be directed to further exploring the reasons behind the lasting and even growing heterogeneity in the interest rate pass-through. Pesaran et al. (2001) . The (upper-bound) Pesaran et al. (2001, p. 300) The views expressed in this paper do not necessarily reflect those of the IMK or the Hans-Böckler-Foundation.
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